Abstract The acute stroke treatment landscape is rapidly evolving. A number of recent stroke trial results have provided promising insights into new treatment strategies, while other trials have yielded neutral or negative results. This article is a review of recent acute trials in both ischemic stroke and intracerebral hemorrhage, with a focus on trial design, analysis of methodology, relevance of the results to the clinic and lessons learned for future stroke trials. In particular, we will highlight current controversies in the field pertaining to the optimal selection of stroke trial endpoints, the use of advanced imaging to select treatment candidates and the burgeoning field of endovascular intervention for stroke.
Background
Stroke is part of a growing global pandemic of non-communicable diseases. According to the latest iteration of the Global Burden of Disease Study, stroke was the second most common cause of mortality worldwide in 2010, causing *5.8 million deaths [1] . In addition, stroke was the third most common cause of disability [measured in disability-adjusted life years (DALYs)] when considering all age groups and all regions of the world [2] . Recent years have seen a vast body of both pre-clinical and clinical research aimed at improving stroke care as well as research targeted at primary and secondary prevention, public health and global institution of evidence-based stroke practices. We present herein a review of recent acute stroke treatment trials and a discussion of how these trials shape the future research landscape. We also discuss important issues pertaining to the interpretation of the results of these trials.
Endovascular Stroke Trials
The advent and widespread utilization of cerebrovascular interventional techniques in stroke, particularly the use of modern ''stentrievers,'' has been widely heralded as the new frontier in ischemic stroke. However, level-1 evidence of efficacy compared to the standard of care [intravenous recombinant tissue plasminogen activator (rtPA)] is still lacking. Three recently published trials have attempted to provide this evidence, but did not prove superiority over intravenous rtPA and have been the subject of heated discussion. Table 1 provides a side-by-side overview of the methodology and results of these trials.
The Third Interventional Management of Stroke (IMS-3) trial began recruitment in 2006 and was terminated early because of futility on the primary end point [proportion of patients with a modified Rankin score (mRS) B2, which equates to no or mild disability, at 90 days] after recruiting 656 patients [3] . The trial was a phase-3 study with a prospective, 2:1 (interventional to standard care) randomized open-label, blinded endpoint (PROBE) design, with an aim of comparing a combined intravenous-intra-arterial approach to intravenous rtPA alone. It recruited patients aged 18-82 with a National Institute of Health Stroke Score (NIHSS) C10 who received intravenous rtPA within 3 h of stroke onset. The initial specified dose of intravenous rtPA was two-thirds of the standard dose, with the remaining one-third given intra-arterially in the interventional group or intravenously in the control group. This was subsequently amended to allow full-dose intravenous rtPA to be given in the interventional group. An amendment after 284 recruitments also allowed for NIHSS 8-9 with an occlusion seen in the middle cerebral artery M1 segment, internal carotid artery (ICA) or basilar artery on computed tomography angiography (CTA). The rapid evolution of the interventional field became apparent during the trial, whereby approval of new devices, more routine use of CTA and use of full-dose intravenous rtPA followed by intra-arterial therapy became commonplace during the latter part of the 6-year enrollment period. The Local Versus Systemic Thrombolysis for Acute Ischemic Stroke (SYNTHESIS) Expansion trial also had a PROBE design and recruited patients between the age of 18-80 years within 4.5 h of symptom onset [4] . In contrast to IMS-3, patients in the endovascular treatment arm did not receive any intravenous rtPA. In the interventional group, either intra-arterial infusion of rtPA, or mechanical thrombectomy or a combination were permitted, and where no vessel occlusion was identified on angiography but the patient had ongoing deficits, rtPA was injected into the presumed culprit vascular territory at a dose determined by the operator. The primary endpoint was mRS B1 at 90 days indicating no ongoing stroke symptoms or mild symptoms with no disability. This trial recruited a total of 362 patients from 2008 to 2012, randomized 1:1. There were no significant differences between the groups on the primary efficacy endpoint. The Mechanical Retrieval and Recanalization of Stroke Clots Using Embolectomy (MR-RESCUE) trial was a phase 2b PROBE design study that sought to incorporate advanced imaging selection to determine whether selecting patients based on a 'favorable penumbral imaging pattern' predicted better response to clot retrieval [5] . This trial ran from 2004 to 2011 and recruited 118 patients aged 18-85 within 8 h of symptom onset. Randomization was stratified based on penumbral imaging with computed tomography perfusion (CTP) or magnetic resonance perfusion-weighted imaging (PWI). The trial also included patients who received intravenous rtPA as standard care without successful recanalization. The primary outcome measure was 90-day mRS, and this was tested by determining whether pretreatment imaging had a significant interaction with treatment assignment as a determinant of mRS shift across all seven levels (0, being asymptomatic, to 6, being dead), and this analysis did not show a significant interaction.
The overall negative result of these three trials elicits several comments. First, the studies show the importance of prospective randomized trials and provide a caveat that endovascular treatment is not an easy road to success without limitations and pathophysiological constraints.
Second, the evolving landscape of device technology, shifting clinical practice and the international variability in regulatory procedures have led to the interventional arms in these trials being highly heterogeneous and consisting of a variable mix of intra-arterial infusion of rtPA, mechanical disruption of thrombus using guidewires, and more recently a number of devices with variable evidence of recanalization efficacy ( [6, 7] . Increasing operator experience, higher treatment volumes and improved intrahospital treatment pathways may also lead to further improvements in the efficiency of endovascular treatments.
One of the strongest messages to come from the three recent interventional trials is the importance of the 'time is brain' concept. Reduction in treatment delays is known to be critically important in the implementation of intravenous rtPA therapy [8, 9] and is likely to be at least as important in intra-arterial therapy. In essence, as time to treatment increases, the risk-benefit equation becomes more skewed away from benefit and potentially more toward risk. A review of the times to treatment in the three trials suggests that systems and procedures must be implemented in order to ensure rapid triage, assessment and treatment. In particular, intrahospital delays from imaging to randomization to reperfusion should be minimized. In IMS-3, 42.2 % of patients had a time from commencement of intravenous rtPA to groin puncture of greater than 90 min [3] . In addition, there was a significant correlation between earlier recanalization and improved outcome [10] , as was recently also shown in a pooled analysis of seven endovascular trials [11] . In SYNTHESIS, the median time from stroke onset to the start of treatment was 3.75 h for endovascular therapy and 2.75 h for intravenous rtPA (p \ 0.001), an additional delay of 1 h, during which patients in the endovascular group did not receive concurrent intravenous rtPA [4] . The fact that both treatment groups had similar outcomes despite this delay was reassuring as it provides evidence that endovascular recanalization is at least as efficient as intravenous thrombolysis, offering an effective alternative treatment in patients with contraindications to intravenous rtPA such as a systemic bleeding tendency. In MR-RESCUE, the mean delay from imaging to groin puncture was 2.4 h [5] .
The optimal method for selecting patients for enrollment in acute stroke trials has also been hotly debated based on the results of the aforementioned trials. Appropriate selection aims to identify patients in whom an intervention (in the case of stroke: revascularization) is likely to yield benefit (improved clinical outcome), while minimizing the risk of adverse events [intracerebral hemorrhage (ICH) or procedural complications]. Both IMS-3 and SYNTHESIS allowed for the use of stroke severity (NIHSS) as a surrogate marker for vessel occlusion, without the specific need for vascular imaging to demonstrate an occlusion. Although a threshold NIHSS C10 has been shown to reliably predict vessel occlusion [12, 13] , the lack of documentation of vessel occlusion prior to treatment is likely to add to negative trial results. In IMS-3, for example, 80 (18.4 %) of the 434 patients in the interventional arm did not have an arterial occlusion on angiography [3] . Such patients would potentially be exposed to the risks of an intervention but not the potential benefits of recanalization.
Reperfusion of infarcted tissue is unlikely to be of benefit and indeed is likely to be associated with harm.
Reperfusion of areas of severe tissue hypoperfusion as defined by PWI or CTP has been associated with hemorrhagic transformation [14, 15] and with poor clinical outcome [16] . On the other hand, reperfusion may be of most benefit in patients with a large area of hypoperfused but potentially viable tissue (the ''penumbral profile'' or ''target mismatch'') [17, 18, 19 • ]. While MR-RESCUE used imaging to classify patients with a penumbral profile, the methods used were different from standard mismatchbased methods and involved voxel-wise analysis of multiple perfusion parameters as well as NIHSS in the case of CTP [20] . It is also notable that initial post-processing of the imaging at the local center in MR-RESCUE failed in *42 % of cases and that final analysis of the imaging at the core site resulted in a changed allocation in 8.5 % of cases [5] . The alternative mismatch-based hypothesis for selecting patients with penumbral characteristics may be more practical and reproducible, particularly using CTP, which is more widely available and may reduce delays to treatment [21] [22] [23] [24] . In addition, MR-RESCUE included patients in the 'penumbral' group with exceptionally large pre-treatment infarct cores (up to 90 ml, median 60 ml). A number of groups have shown that the likelihood of good outcome diminishes rapidly as the baseline infarct core increases [18, 25] , again emphasizing the need to avoid inclusion of 'futile reperfusion' cases in future trials.
A common argument against the use of penumbral imaging for treatment selection has been that this leads to delays in treatment. Ironically, even though the delays described above in the recently reported trials occurred mostly post-imaging, this has led some interventionalists to promote patient selection based purely on non-contrast CT as more advanced imaging may 'waste' time. However, we suggest that further 'unselected' trials of acute reperfusion therapy are unlikely to advance the field. Future trials should emphasize the importance of rapid multimodal imaging assessment and treatment in order to minimize these delays.
Another issue raised in these trials was the definition of the optimal revascularization/reperfusion target. Both IMS-3 and MR-RESCUE used the thrombolysis in the cerebral infarction (TICI) scale to measure the effectiveness of the interventional procedure (Table 2 ) [26] . These trials defined successful revascularization as achieving TICI-2a or better (SYNTHESIS has not reported on revascularization endpoints or rates). A secondary analysis in IMS-3 demonstrated a significant correlation between the odds of good clinical outcome and improved degrees of TICI revascularization [3] . Moreover, in MR-RESCUE, there was a significant association between reperfusion (defined as a reduction of more than 90 % in the volume of the perfusion lesion) or revascularization (defined as TICI 2a or better), and better 90-day mRS [5] . This was the case despite the primary reperfusion parameter being at day 7 in this trial, which may include instances of delayed ([24 h) and non-nutritional (futile) spontaneous reperfusion and thus may have diluted any benefits of effective early recanalization. In addition, there is now growing evidence that TICI-2a is a relatively poor predictor of good clinical outcome and that a revascularization target of TICI-2b or better should be the aim as this is more strongly associated with good outcome [27] [28] [29] . This endpoint was achieved in only a minority of patients in the recent trials (Table 1) . Finally, recent data suggest that tissue reperfusion measured directly (i.e., with early post-treatment perfusion imaging and using modern post-processing) has the strongest association with good outcome (provided those with large pre-reperfusion infarct cores are excluded) [30, 31] . We would suggest that while a procedural target of TICI2b or higher should be the aim, perfusion imaging assessment of tissue reperfusion is the gold standard and should be used for assessing future acute reperfusion therapies.
While the negative result of MR RESCUE has been used as an argument against advanced imaging selection, these results contrast dramatically with the non-randomized second diffusion and perfusion imaging for understanding stroke evolution (DEFUSE-2) trial, which was a prospective cohort study where patients planned for endovascular therapy within 12 h of stroke onset had perfusion MRI imaging prior to the procedure and within 12 h following the procedure. DEFUSE-2 defined ''target mismatch'' on baseline imaging as a ratio between the volume of critically hypoperfused tissue and ischemic core of 1.8 or more, with an absolute difference of 15 ml or more, ischemic core volume of \70 ml and \100 ml of tissue with a severe delay in bolus arrival (Tmax [ 10 s) [19 • ]. Reperfusion was defined as [50 % reduction in the volume of PWI Tmax [ 6 s on early follow-up or TICI2b at the conclusion of the angiographic procedure (in cases where no early MRI was performed). Reperfusion was significantly associated with favorable clinical response (an improvement of 8 or more on the NIHSS between baseline and day 30 or a score of 0-1 at day 30) in the target mismatch group, but not in the no-target mismatch group. A similar pattern was seen for the secondary outcome of day 90 mRS B 2. Two interesting post hoc analyses were performed: first, examining the likelihood of favorable clinical response compared to the degree of reperfusion attained with a significant association between the degree of reperfusion and favorable clinical outcome; second, the odds of favorable response in the target mismatch group was compared between patients who had reperfusion treatment starting B6 h from onset versus those in whom treatment started [6 h from onset. There was no significant difference between the two groups [19 • ]. Although DEFUSE2 was not a randomized trial of imaging selection, it certainly showed that with standardized imaging criteria (particularly exclusion of futile reperfusion cases with the 'malignant profile'), it is possible to reliably identify patients who potentially gain most from effective reperfusion. Interestingly, the post hoc analysis examining the effect of time to reperfusion would also suggest that when robust imaging selection criteria are employed, the time factor might also become less critical, and although this should not be used as a license to be procedurally sluggish, it does highlight the importance of both time and proper patient selection.
Finally, the previous perceived lack of equipoise between intravenous rtPA and intra-arterial interventions is now clearly being challenged. The negative results of these three should motivate all stroke physicians to recruit patients into well-designed randomized controlled trials with appropriate imaging selection, rapid institution of intra-arterial treatment with highly effective devices and CTP computed tomography perfusion; MRI magnetic resonance imaging; ASPECTS alberta stroke program early CT score; DWI diffusion weighted imaging; NCCT non-contrast CT; PWI perfusion weighted imaging; FLAIR fluid attenuated inversion recovery; IV intravenous; IA intra-arterial; rtPA recombinant tissue plasminogen activator appropriate follow-up assessment before considering this therapy standard of care. We eagerly await the results of such trials (Table 3) .
Thrombolysis in Acute Ischemic Stroke
Intravenous thrombolysis for acute ischemic stroke was proven to be of benefit in two pivotal randomized controlled trials and is the standard of care in acute ischemic stroke [32, 33] . Further landmark meta-analyses have both added further strength to this evidence and suggested an important correlation between earlier treatment and the odds of a favorable clinical outcome [9, 34 • ]. The former study suggested a net benefit up to 4.5 h from onset but an increased mortality thereafter, whereas the latter suggested that while early treatment was the most beneficial, some patients may benefit from treatment up to 6 h from onset. Although there has been global consensus on the benefit of treatment of ischemic stroke patients within 4.5 h of onset, in some countries, intravenous rtPA is considered as 'offlabel' in the 3-4.5 h window and/or in patients above the age of 80. This uncertainty of rtPA benefits in patients over the age of 80 and beyond 3 h led in part to the third international stroke trial (IST-3) [35] . This was a randomized, openlabel, blinded endpoint trial, which aimed to address the question of whether benefit exists in patients in whom there was uncertainty regarding treatment with rtPA, particularly patients over the age of 80 and those who present between 4.5-6 h from onset. The study enrolled a total of 3,035 patients, of whom 53 % were over 80 and 33 % were treated 4.5-6 h after onset. Non-contrast CT was used to exclude hemorrhage and other contraindications. The trial did not show a significant difference in the primary endpoint [adjusted odds ratio of the dichotomized Oxford Handicap Score (OHS) at 6 months], although there was a significant shift in OHS in a pre-specified secondary analysis toward milder degrees of disability in patients treated with rtPA [35] . The OHS is similar to the Rankin scale, being a 6-point scale where 0 is no disability and 5 is complete dependence. Notably, the overall rates of excellent outcome (no or slight disability-a commonly used endpoint in past trials), while is favor of rtPA treatment, were low compared to past trials (24 % for rtPA-treated patients), likely reflecting the relatively 'unselected' nature of the trial. The rate of symptomatic intracranial hemorrhage (SICH) was 7 % in the rtPA group. There was an increased early mortality (first 7 days) in the rtPA group, which was mainly driven by deaths from cerebral causes, although this was counterbalanced by an increased mortality in the control group between 7 days and 6 months [35] . An important follow-up analysis of 18-month outcomes has also been recently published, which demonstrated a significant increase in the odds of OHS 0-2 in the rtPA group (35.0 %) versus the control group (31.4 %) (p = 0.024, number needed to treat *28) without a difference in survival [36] . This suggests that treatment with rtPA in this group does provide minor benefit without increasing the risk of survival with major disability. This benefit seemed to be driven mainly by patients thrombolyzed in the first 3 h, as demonstrated by another prespecified subgroup analyses of the trial.
IST-3 has contributed much to the recent discussion concerning the optimal design of acute stroke trials and particularly the selection of the optimal statistical methods for assessing the primary outcome. The statistically significant result on shift analysis (a secondary endpoint) has added to a growing trend favoring this analysis method over the traditional dichotomy, and this may become more common in future stroke trials [37] .
Similar to the IST-3 trial showing some benefit in patients with borderline indications, a pooled retrospective analysis assessing patients with minor exclusion criteria also showed probable benefit from early thrombolysis [38] . This study included thrombolysis in patients treated with vitamin-K antagonists with an INR B 1.7 and thrombolysis of patients on chronic antiplatelet monotherapy. However, a recent randomized Dutch trial ARTIS (Antiplatelet therapy in combination with Recombinant t-PA Thrombolysis in Ischemic Stroke) confirmed previous observations that adding aspirin to thrombolysis in aspirin-naïve patients resulted in an unacceptable hemorrhage rate [39] .
Attempts to demonstrate benefit of intravenous thrombolysis beyond 4.5 h have been reminiscent of the intra-arterial trials discussed above and were on the whole generally unfruitful [e.g., the DIAS-II trial (Desmoteplase in Acute Ischemic Stroke-II)] [40] . Despite this, it remains pathophysiologically plausible that some patients should benefit beyond this somewhat arbitrary time point. Again, this heterogeneous treatment response is likely to arise from inherent variability in pathophysiology, in particular a degree of variability in collateral effectiveness between patients. As such, a patient at one end of the spectrum may have very poor collateral circulation and may undergo extensive and irreversible tissue damage very early after onset. Such patients may be at high risk of poor outcome even if treated early. On the other hand, a patient at the other end of the spectrum may have a lesser degree of hypoperfusion and ongoing tissue viability because of excellent collateral status. Such patients may be candidates for treatment beyond the standard time thresholds and may be clinically indistinguishable from the other patients at baseline, and only identifiable based on advanced imaging. The hypothesis of treatment benefit in patients with this positive penumbral profile is supported by evidence from a pooled analysis of the Echo planar Imaging Thrombolytic Evaluation (EPITHET) and diffusion and perfusion imaging evaluation for understanding stroke evolution (DEFUSE) studies, which suggests that patients with 'target mismatch' are the ideal candidates for reperfusion [41] . Further prospective trials are currently underway to confirm this hypothesis including extending the time for thrombolysis in emergency neurological deficits EXTEND/ECASS-4 trial (see Table 3 ) [42] (controlled-trials.com ISRCTN71616222). Similarly, evidence of better treatment response to intravenous thrombolysis in the presence of an intracranial occlusion in DIAS-II led to this arterial imaging criterion in DIAS-3 and DIAS-4 [43] (DIAS-3 results currently being analyzed).
There is also a growing interest in testing other alternative intravenous thrombolytic agents with higher fibrin specificity and potentially greater safety and efficacy than rtPA. A randomized controlled trial of rtPA versus tenecteplase, where standard dose (0.9 mg/kg) rtPA was compared against both 0.1 mg/kg and 0.25 mg/kg tenecteplase in patients selected using penumbral imaging up to 6 h from onset, has recently demonstrated significantly improved reperfusion as well as clinical outcomes with tenecteplase compared with rtPA [31] . A follow-up phase-3 trial to further test this finding is set to begin in early 2014 [Tenecteplase versus Alteplase for Stroke Thrombolysis Evaluation (TASTE), anzctr.org.au ACTRN12613000243718].
These trials share the common concept of selection of patients with a penumbral imaging profile (Fig. 1) , although the precise details do vary between the different trials. As described above in the section on intra-arterial trials, we strongly recommend future trials implementing appropriate imaging selection methodologies. Whether it is being used to select patients for intravenous or intra-arterial therapies, we believe there are several critical aspects to a robust imaging selection paradigm. First, we believe a reliable measure of infarct core is essential, and non-contrast CT is not sufficient for this purpose (as it consistently underestimates 'dead brain'). Both MRI (DWI) and CTP [21, 24] can fulfill this role. Second, one must determine where the cutoff point lies in terms of infarct core volume. Trials such as EXTEND/ECASS-4 are using a core volume of \70 ml, and the upcoming TASTE trial will stratify randomization based on infarct core \25 and 25-70 ml. Finally, an assessment of the tissue at risk and collateral status is also crucial, although there is still not consensus on how best to measure this. Dynamic CT angiography holds promise in measuring collateral status [44] , but perfusion imaging (MR or CT) can also quantify collateral status [45] and thus has the advantage of avoiding more subjective angiographic grading scales such as American Society of Therapeutic Neuroradiology/Society of Interventional Radiology (SIR) Collateral Flow Grading System (ASITN/SIR) [46] .
Other Interventional Trials for Acute Ischemic Stroke
The recent randomized SENTIS trial (Safety and Efficacy of NeuroFlo for Treatment of Ischemic Stroke) testing enhancement of collateral (penumbral) flow through diversion of blood from the lower to the upper part of the body by inserting a suboccluding double balloon in the abdominal aorta failed to show a statistically significant benefit [47] . A randomized trial of transcranial LASER therapy for ischemic stroke (NEST-3: NeuroThera Effectiveness and Safety Trial-3; clinicaltrials.gov NCT01120301), presumably stimulating mitochondrial activity in lesioned and healthy neurons and glial cells, was halted because of futility. Another semiinvasive trial using stimulation of the spheno-palatine ganglion by a miniature implantable electrode in order to enhance intracranial blood flow is still ongoing in nonthrombolyzed acute stroke patients (ImPACT-1: Implant for Perfusion Augmentation of Cerebral blood flow Trial-1) [48] .
Several recent large neuroprotection trials using citicholine [49] , cerebrolysin [50] and Chinese Herbal Medicine (MCL601) [51] also showed no benefit. One of the most powerful neuroprotectants in animals, hypothermia, is now being tested in a randomized manner in the ICTUS-2/3 trial (intravenous thrombolysis plus hypothermia for acute treatment of ischemic stroke-2/3) [52] . The preceding pilot study ICTUS-L [53] showed that pneumonia was the most frequent and potentially damaging side effect of cooling. Therefore, the new trial will now monitor for and treat pneumonia aggressively. The randomized Cooling Plus Best Medical Treatment Versus Best Medical Treatment Alone for Acute Ischaemic Stroke (EuroHYP-1; clinicaltrials.gov NCT01833312) trial from the European Stroke Research Network for Hypothermia is now also recruiting and will include both thrombolyzed and non-thrombolyzed patients.
Intracerebral Hemorrhage Trials
Although ICH is the less common cause of stroke worldwide, numerically it causes more deaths than ischemic stroke [1] . Treatment options for this form of stroke (apart from stroke unit care) are very limited. Research efforts have largely revolved around testing treatments aimed at relief of intracranial pressure effects, evacuation of blood products, hemostatic agents and neuroprotective agents, or a combination of the above.
The second intensive blood pressure reduction in acute cerebral hemorrhage (INTERACT-2) trial was a PROBE design study, which compared the effect of rapid and aggressive blood pressure lowering in hypertensive patients Curr Radiol Rep (2014) 2:46 Page 9 of 13 46 after ICH with standard care [54] . Treatment was commenced within 6 h of stroke onset and continued for 7 days, with a systolic blood pressure target of 140 mmHg in the treatment arm within 1 h of randomization. The trial recruited 2,794 patients. The primary outcome measure was the proportion of participants with a poor outcome (mRS C 3) at 90 days after randomization. The main secondary outcome was mRS shift (ordinal analysis). Analysis of the primary endpoint revealed 52.0 % of participants in the intensive treatment arm had a poor outcome, compared to 55.6 % in the standard treatment arm [odds ratio (OR) with intensive treatment 0.87; 95 % confidence interval 0.75-1.01; p = 0.06]. As in IST-3, the ordinal shift analysis indicated a significant favorable shift in the distribution of mRS score with intensive treatment (pooled OR for shift to higher mRS 0.87; 95 % CI, 0.77-1.00; p = 0.04). Patients in the treatment arm also had significantly better health-related quality of life scores on the European Quality of Life-5 Dimensions (EQ-5D) scale at 90 days. The rate of death was 11.9 % in the intensive group and 12.0 % in the standard care group, and there was no difference in the incidence of severe hypotension between groups (0.5 % in the intensive group vs. 0.6 % in the standard care group). Interestingly, there was no significant difference in the effect on hematoma growth between groups on a secondary analysis in a subgroup who had follow-up imaging at 24 h (approximately one-third of patients). This has led to the suggestion that the borderline statistically significant effect demonstrated in the trial was due to a neuroprotective or edema reduction mechanism of blood pressure lowering rather than attenuation of hematoma growth [54] . The second antihypertensive treatment of the acute cerebral hemorrhage (ATACH-II) trial is currently in progress and seeking to add to the above results [55] .
The second International Surgical Trial in Intracerebral Hemorrhage (STICH 2) is the most recent addition to the field of surgical treatment of ICH. This prospective randomized open-label trial recruited patients with spontaneous lobar ICH B 1 cm from the cortical surface of the brain with a volume of 10-100 ml and within 48 h of onset, with a best motor score on the Glasgow Coma Scale (GCS) of 5-6 and best eye score of C2 [56] . Patients were randomized to early surgery or initial conservative treatment. Early surgery involved evacuation of the hematoma within 12 h, and delayed evacuation was permitted in the initial conservative group. This occurred in 62 patients (21 %). The primary outcome was a prognosis-based favorable or unfavorable outcome dichotomized from the Extended Glasgow Outcome Scale (GOSE) at 6 months. The prognostic score was derived from an equation including GCS, age and hemorrhage volume.
One hundred twenty-three (41 %) of 297 patients in the early surgery group had a favorable outcome at 6 months compared with 108 (38 %) of 286 patients in the initial conservative treatment group (OR 0.86, 95 % CI 0.62-1.20; p = 0.367). Mortality at 6 months was 18 % in the early surgery group and 24 % in the initial conservative group (p = 0.095) [56] . The authors of the STITCH-II trial also updated their meta-analysis on surgery for ICH in the same paper, which showed a statistically significant reduction in unfavorable outcome with surgery. However, the authors underline the heterogeneity of ICH and the uncertainty about which patients benefit most, suggesting that most benefit of early surgery was derived in patients in the poor prognosis group.
Minimally invasive surgical techniques may hold some promise over more invasive hematoma evacuation, and there have been promising results from trials such as the minimally invasive surgery and rtPA in ICH evacuation (MISTIE) phase II study, which tested a minimally invasive technique involving intraclot infusion of rtPA [57] . Plans are also underway for a phase III trial (clinicaltrials.gov NCT01827046). Aspiration of the hematoma by mini-craniopuncture (with or without using local rtPA to liquefy the clot) shows promising results in Chinese patients in preliminary studies [58, 59] , but further randomized trials are necessary.
Concepts of imaging-based selection for ICH trials analogous to ischemic stroke trials have also become more prevalent in recent years. For example, the identification of the contrast extravasation CTA 'spot sign' as a biomarker indicating risk of hematoma expansion [60, 61 • , 62] has led to several trials implementing this sign to select patients who are likely to develop hematoma growth and hence be candidates for hemostatic therapy (Fig. 2) . Whereas the phase-3 trial of recombinant activated factor VII (rFVII) did not demonstrate benefit [63] , the ongoing Spot Sign for Predicting and Treating ICH Growth (STOP-IT) Study (clinicaltrials.gov NCT00810888) and ''Spot Sign'' Selection of Intracerebral Hemorrhage to Guide Hemostatic Therapy (SPOTLIGHT) Study (clinicaltrials.gov NCT01359202) are aiming to select 'spot sign-positive' patients to investigate the effect of rFVII on hematoma growth in this selected high-risk subgroup. Alternative hemostatic agents are also currently under investigation. Tranexamic acid has recently been demonstrated in a landmark trauma study to reduce all-cause mortality and mortality because of bleeding in trauma patients, particularly when administered early [64] . The Spot Sign and Tranexamic acid on Preventing ICH Growth (STOP-AUST) trial aims to test this simple and inexpensive intervention in patients who have been selected using the CTA spot sign [65] .
Conclusions
Multiple highly informative trials in acute stroke management have recently been published in both ischemic stroke and ICH. Several overarching themes are evident in these trials and provide useful insights and directions for future trial design and interpretation. Recruitment into well-designed trials of intra-arterial intervention for ischemic stroke is a foremost priority for the field. These trials will test devices with a proven technical advantage over the first-generation devices and must emphasize the importance of rapid treatment and effective rather than incomplete revascularization.
In ischemic stroke, advanced imaging and penumbral selection may be the key to providing treatment to patients outside the standard time windows, whether this involves treatment with intravenous rtPA, or other more fibrin specific thrombolytics or intra-arterial approaches (or a combination). The penumbral hypothesis may allow more individualized assessment of stroke pathophysiology in each patient in order to determine the potential benefit of recanalization versus the risk of adverse outcomes, as opposed to a strict time-based threshold, which ignores potential individual variation in patients and disease. However, trials such as MR-RESCUE highlight the ongoing controversy around the complexity involved in defining the parameters used to select patients for new therapies with imaging.
The recent interest in early blood pressure lowering and attenuation of hematoma expansion in ICH should be followed by further randomized controlled trials in order to develop new treatments for this devastating condition. Imaging selection in ICH may also allow for an improved understanding of the individual patient's pathophysiology and allow guided treatment selection based on individual patient characteristics.
Other treatment modalities for acute ischemic stroke, including collateral flow enhancement, neuroprotection and hypothermia, have either been shown to be ineffective or are still being tested in randomized trials.
Finally, there has been a recent trend toward the use of ordinal or shift analysis in the analysis of stroke trial results. Several recent trials have been statistically positive using this method but negative on traditional dichotomized methods. Future trial design must focus on an understanding of the nature of the endpoint being studied and on the optimal statistical methods required to demonstrate both a statistically and clinically significant effect.
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